The developments and improvement of the public and the private healthcare sector in the recent years in Duhok governorate considered as the main factor for increasing the production rate of per capita patient generation of hazardous waste (Bio-Medical Waste). Another important factor contributes in hazardous waste volume is the increase in health services and public education. Generation of waste caused direct impacts on human health and environment through the pollution of soil, water and air. The present study was carry out to assess the sources and the data quantities of hazardous wastes, analysis of these collected data is achieved by using of GIS Application. In 2014, it was found that 253.143 tons of hazardous waste were produced in Duhok. About 30% of the waste is not being sorted from the municipal solid waste, i.e. disposed directly to dumps or landfills. Inadequate disposal of hazardous waste can related to contamination of surface and ground water supplies, and risk impacts on communities and their environment. In addition the aim of this assessing is focused on the importance of hazardous waste management and to develop a proposal for treatment and disposal management methods in compliance with the international environmental regulations.
INTRODUCTION
At the beginning of the 1980s, a definition of hazardous waste was recognized in the USA. It involves all constituents that are hazardous to environment and to the human health. Most industrialized countries have proven laws that control various production of harmful waste to protect the environment and the public health. While other countries implement either the recommendations of Environmental Protection Agency (EPA) as their standards or the standards of the World Health Organization (WHO) (Marinković et al., 2008) . EPA has involved the hospital wastes within the hazardous waste (Bennett, 1992) . Furthermore, WHO has stated that this waste should be treated as special waste (Rushbrook, 2000) . Medical waste contains constituents that are created in the facilities of medical treatment, health protection and scientific research; the category is called health care or medical waste (Ropeik and Gray, 2002) . The main sources for generation of medical waste are health centers, hospitals, research laboratories, clinics, nursing homes, autopsy centers, mortuaries, and transfusion and hemodialysis centers. In addition, a small quantity of medical waste is produced in dental and general practitioner offices. Some of the medical waste is comparable to the domestic waste such as: food waste, paper, glass, and cardboard. While some other contains infectious, harmful, toxic, and carcinogenic materials and is considered as hazardous waste (Marinković et al., 2008) . Baveja et al. (2000) declared that medical waste consists of human tissues or body parts, sharp parts, and infectious materials. Shinee et al. (2008) stated that 15-25% of medical waste is infectious materials. Chartier (2014) indicated that medical wastes contain high level of heavy metals including mercury due to broken medical equipment. The composition of medical wastes depends on the type of medical facilities, practice procedure, and clinic specialty. The waste generation rates may range between 0.11 and 3.9 kg/bed/day at hospitals of Canada, Turkey, India, Japan, Bangladesh, and Thailand (Mohee, 2005) . While it ranges between 0.25 and 7.0 kg/bed/day in US and many European countries (Liberti et al., 1996) . The private hospitals in Jordon had a lower average waste production rate (4.02 kg/patient/day) than the public hospitals (6.10 kg/patient/day) (Bdour et al., 2007) . Chung and Lo (2003) stated that the waste generation is 0.4-5.5 kg/patient/day in 12 developed and developing countries. Abdulla et al. (2008) mentioned that inappropriate waste management can cause potential effects such as growth of worms, rodents, and insects in addition to unpleasant odors and it may lead to spread of diseases such as hepatitis, cholera, and typhoid. Almuneef and Memish (2003) declared that when the quantity and the complexity of the medical waste increases, the risk of conveying diseases through unsafe handling practices also increases such diseases as Hepatitis B and C and AIDS (Almuneef and Memish, 2003) . Jang et al. (2006) declared that in South Korea they use a number of treatment methods for medical waste including steam sterilization, microwave sanitation, incineration, dry heat disinfection, and chemical disinfection. Currently steam sterilization and incineration are the main treatment methods. Tudor et al. (2005) stated that the quantity and the risks associated with the handling of medical wastes can be reduced significantly with appropriate resource recycling and separation. Sabour et al. (2007) confirmed that the quantity of infectious waste can be decreased by 15.1% only because infectious wastes were collected and separated correctly. Marinković et al. (2008) discussed medical waste management in Croatia, they referred that the management is depending on the waste category hence pathological waste, involving the recognizable material (fetuses and amputated parts) these can be buried in cemeteries or incinerated in crematoria due to ethical reasons. On the other hand, the unrecognizable material (body parts, blood, and tissue samples,) these can be incinerated with other infectious waste. Regarding the packaging for medical wastes, all packages should be labeled as "Hazardous medical waste", yellow color indicated chemical waste, blue and black indicate general waste, green is used for pharmaceutical waste, red marks infectious waste, red with a black stripe point toward pathological waste. In developed countries, the best technologies are used for disposal of medical wastes with insignificant risks to the environment and human health. They use the regulations to follow several possible ways for storage, transport, collection, and disposal of such wastes (Tudor et al., 2005) . On the other hand, in many developing countries, they still dispose the medical and hazardous waste together with the separation wastes, consequently creating an excessive effect on the environment, the public, and specifically on the health of the municipal workers (Tudor et al., 2005) . Furthermore, the management of the wastes that generated by clinics, and hospitals has not been comprehensively understood. The laborers who perform the management of the medical waste are not sufficiently protected and (Diaz et al., 2005) . Therefore, research is required to create a database about the medical waste generation, sources, transportation, collection, and disposal. Moreover, recording the composition and quantities are required to help for the planning and implementing the medical waste management. The objectives of this paper are to evaluate the medical waste production from different institutions in Duhok governorate (including hospitals and laboratories -governmental and private), to assess the available procedures, methods, and techniques of disposal and handling of medical waste and to suggest the proper management and treatment of medical waste.di 2. STUDY AREA AND METHODOLOGY
Study Area
Duhok governorate is located north of Iraq and the study area included Duhok city and other sub-districts such as Shekan, Summel, Zakho, Ammadia, Aqri, and Bardarash. Since 2012, Duhok Governorate has hosted large numbers of internal displacement persons and Syrian refugees. Consequently, the healthcare institutions served more patients and the medical waste generation increased rapidly. The directorate of Environment in Duhok city distributed a questionnaire to 111 healthcare institutions in Duhok governorate at the end of 2014 (with total of 3511326 patients who visited these institutions during this year). It was included for example: weight of the hazardous waste, weight of the general waste, methods of disposal and treatment, and number of patients. The healthcare institutions included 72 health centers, 14 governmental hospitals, 18 governmental specialist centers, 5 private hospitals, 1 blood center bank, and 1 health central laboratory. See fig.1 The hazardous waste were including: medicine waste, waste of X-ray films, radioactive waste, waste that is containing mercury, waste of medical equipment, waste that is containing chemical solutions, amalgam waste, and expired medicines. The indicators the generation rate of medical solid waste is expressed by kg/ patient/ day were found by dividing the annual amount of generated waste over the annual visited patients and then divided by 365 days.
Fig (1) : Distribution of healthcar facilites within the study area
Data Analysis
Data analysis is achieved by using a geographical information system ArcGIS software to map the hospital location included in this stud, and to create relations between the numbers of patients and the generation rate of the medical hazardous waste.
RESULTS AND DISCUSSION

Rate of Generation
According to the WHO fact Sheet the sources of the medical hazardous waste (MHW) is health care activities, 80% is about municipal waste (MW) and the remaining 20% is MHW (WHO, 2018). The annual generation rate for the medical hazardous waste (MHW) and the municipal waste are given in table 1 (appendix A). The rates represented results from surveying of seven districts in Duhok governorate. The MW contents represents 93% and about 7% for the medical waste, the difference from the WHO fact sheet is attributed to the neglect of the sorting process between the medical and municipal waste in many districts and districts as Amadi and Aqura. The rate of MHW were different from one hospital to another depending on the types and specialty, and number of patients or No. of beds. See The positive increase between the number of patients, the quantities of the municipal solid waste and the quantities of the MHW generated is reviewed in figures 4 and 5. Depending on this bases the indicator for rate of medical waste generation kg/patient/day can be derived and found to be equal (0.000187245) kg/patient/day. This quantity is not identical and considered negligible compared with studies achieved by many researchers who have found the average rate of MHW produced in Saudi Arabia the generation rate of health care risk waste was 1.13+0.96 kg/bed/day (AlZahrani M.A. & Fakhr, 2000), 0.5 to 2.5 kg/ bed/day for northern hospitals in Jordan whereas in Amman hospitals the reported quantity was 3.4 kg/bed/day (Thakir et al., 2013), while in some hospitals in Najaf city/Iraq the rate estimated as 1.074 to 3.844 kg/capita/day (Fatima, 2016) . A studies in Isfahan , India, and Turkey found the generation rate equal to (1.59 kg/day/bed), 2 kg/ bed/day, 2.5 kg/ bed/day, respectively, (Ferdosi et al., 2012), (Akkoyunlu et al, 2017), (Quarii et al, 2013) . The incompatibility results can be explained referring to patients data which includes both the inpatients and outpatients, while other studies considered the No. of beds.
Fig (4) : Comparsion between the number of patients and the generated MHW in Duhok governorate in 2014
Fig (5) : Comparsion between the number of patients and the generated MHW in Duhok governorate in 2014
Correction of The Generation Rate Per Patient
The number of patients with the daily MHW generation indicator can be corrected depending on the number of beds in healthcare facilities in Duhok, Table 2 identified the relation between bed numbers and the generated waste in kg/bed/day. The average daily generation was estimated in this research and it was found to be equal to 0.27 kg/bed/day (the last two columns in the table), this value is approximately equal to estimated value by Mohee (Mohee, 2005) , though is relatively lower than estimations of USA 4.5 kg/bed/day, France 2.5 kg/bed/day, and Netherlands 2.7 kg/bed/day (Fakher, 2008) . As it compared with the WHO regulations, the value is classified as low hazard waste table 3 showed the general methods of MHW used in Duhok treatment, it is appearing there is approximately 27% of the total was collected and burned in randomly in simple pits either onsite or out site, 4% of the total have been sterilized inside the healthcare facility with autoclaves. About 3.6% of the MHW were transported to central incineration, 8% were transported and buried in landfills, and about 19% were discharged directly to the local sewage system, the other 12% were treated by on site incineration, while the remaining 30% has no sorting and disposed along with the municipal solid waste. Controlled landfills ranged from small pits to the significant sanitary landfills, they are central municipal facility, and contrary to uncontrolled landfills these enhanced the toxic waste control and secured lands (Shreedevi, 2007 ) .
Suggested Management and planning for Medical hazardous wastes in Duhok
Continuing disposal of waste cause risk to the society and the environment, so its recommended to develope a management and planning for the treatment and disposal of the medical hazardous waste. the management plan should be consider the quanities and the charecteristics of the waste. The main points included are: 1. Enacted Rules and regulations; Waste management should be meet the national and local regulations. And to participate with environmentalists and municipalities to enforce regulations and rules, and the choice of waste disposal facilities. 2. Training of healthcare staff; it is recommended to perform the separation process, and to plan for the training of workers in safe handling and storage of HMW 3. Implementation processes; the separation process of the infectious waste from the medical waste should be applied, taking into account the color coding of waste.
Choice of appropriate methods of treatment and disposal techniques;
There is no particular methods appropriate for the treatment of medical waste, it depends upon the generated quantities and the local regulations, for this study we suggest using both the onsite and offsite methods as follows. OnsiteTreatment a. Incineration is a common onsite method, and can be divide into three catogries Low temperatures incineration (400 o -800 o C), medium temperatures (800 o -1000 o C), and high tempreatures (> 1000 o C). low and medium incinerations are low cost construction, provided complete sterlization for the non plastic infectious, sharps and anatomical waste, reduced weight and volume of the waste (Klangisn, 2011) . Toxic emmisions considered the main disadvantage that causes widespeard health impacts, so the high efficiency air pollution equipments installed to reduce toxic emissions (EPA, 2003) . It is recommended to participate the municipalities to designate the combustion zone. Whereas High temperatures incineration (> 1000 o C) are relatively high cost construction, required trained staff for operation and manitanence, and it is appropriate sterlization of all waste types. It provides complete combustion with 50 kg to 500 kg / hour performance efficiency. Inicinerations of such type are highly reduces the waste volume and the toxic emissions. Environmentalists and minicipalities contributed in the selection of incineration locations so that meet the local regualtions to reduce the waste risk. 
CONCLUSION
According to the data, analyzed above, the medical waste generation form hospitals in Duhok governorate was about 250,000 kg/year (250 ton/year), and the approximate estimation of the generation rate was 0.27 kg/bed/day which is considered acceptable in comparison with results of the local research's and the international approaches. The most common treatment was carried out by randomly burning and disposed to open dumps with the usual solid waste. Another observation through the data shows that 30% of hospitals were not subject to the process of sorting out medical waste from typical waste. Other observation resolved in this study is about 30% from the total hospitals included in the study have no sorting from the usual solid waste, this revealed that most healthcare institutes in Duhok have incompetence in the medical waste management, consequently the need for the implementation of the waste management hierarchy is essential. The main hierarchy goals is the reduction, reuse and recycle of the waste, in order to mitigate the inverse environmental impacts and the health risks, On this bases the development of a guidelines and regulations as strategy for the separation process at the source of generation , followed by using the color coding for the different types of waste. Rehabilitation and maintenance of the exiting incinerators is required for the treatment of infectious waste. Further studies are required, specifically in the infectious waste comprises radioactive materials, and the assessments of environmentalists and the municipalities responsible for the safe waste management. 
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